We investigated the cross-sectional relationship between ankle brachial index and cardiovascular disease risk factors, including C-reactive protein (CRP), among Japanese elderly, a topic which has had little prior epidemiologic study. Our study population comprised 946 subjects aged at least 70 years in whom both CRP and ankle brachial index were measured. The participants were classified into a low (ankle brachial index 0.9) and normal ankle brachial index group. We found that current smoking, high-density lipoprotein 
Introduction
In recent years, C-reactive protein (CRP) has become established as a risk factor for cardiovascular diseases (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Higher levels of CRP predict future myocardial infarction and stroke independently of other cardiovascular disease risk factors, and it has been suggested that the measurement of CRP, in addition to cardiovascular disease risk factors, may between CRP and cardiovascular diseases (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) .
In Japan, however, epidemiological data about risk factors for low ABI among Japanese have been limited (23, 24) . Furthermore, no studies have investigated the relationship between CRP and low ABI. Therefore, in the present study, we investigated the relationship between ABI and cardiovascular disease risk factors, including CRP, among Japanese elderly.
Methods

Study Participants
Our study population comprised subjects aged 70 years and older who were living in the Tsurugaya area of Sendai, one of the major cities in the Tohoku area of Japan. At the time of the study, there were 2,730 people aged 70 years and older living in Tsurugaya (25, 26) . We invited all of these individuals to participate in a comprehensive geriatric assessment, which included medical status, physical function, cognitive function and dental status, and 1,178 of these people agreed to participate and give their informed consent for analysis of the data. The protocol for this study was approved by the Institutional Review Board of Tohoku University Graduate School of Medicine. We excluded subjects whose CRP had not been measured (n 29) and subjects whose ABI had not been measured (n 21). We assessed hypertension using home blood pressure (BP) data, and subjects who did not measure their BP on at least 3 days during the 4-week study period were excluded (n 176). This criterion was based on our previous observation that the average BP values for the first 3 days did not differ significantly from those obtained during the entire study period (27) . Furthermore, we excluded subjects who did not complete the questionnaire about alcohol consumption (n 6). Therefore, the study population comprised 946 subjects (mean age 75.2 4.6 years, men: 45%).
CRP Measurement
We collected the blood sample under non-fasting conditions. Serum CRP levels were determined using an immunotechnique on a Behring BN II analyzer (Dade Behring, Tokyo, Japan). The BN II high sensitivity assay utilizes a monoclonal antibody coated on polystyrene particles and fixed-time kinetic nephelometric measurements (28) . The BN II nephelometer makes a 1:400 dilution to measure CRP concentrations between 3.5 and 210 mg/l. The assay has been approved by the US Food and Drug Administration for use in assessing the risk of cardiovascular and peripheral vascular disease.
ABI Measurement
Bilateral ABI was measured in all subjects using a new device, the FORM ABI/PWV (Colin Co., Komaki, Japan), which incorporates an automatic oscillometer (29) . The FORM ABI/PWV is a device with four cuffs that can measure BP levels simultaneously in both arms and both legs, and automatically calculates the ABI. This device is useful for mass medical examinations and population-based studies because it enables measurements of ABI and brachial ankle pulse wave velocity in a short time and is not affected by the operator's technique. This device has been used in other Japanese epidemiological studies (24, 30, 31) .
Classification of Subjects
We treated the lowest ABI in either leg as the ABI value. We defined the subjects with an ABI<0.90 as the "low ABI" subjects, and we classified serum CRP levels into three groups, <1 mg/l, 1 to 2.9 mg/l and 3 mg/l and over, according to the previous reports (10, 13) .
Data Analysis
Variables were compared by the χ 2 test, t-test or analysis of variance, as appropriate. The odds ratio (OR) of PAD was calculated using multiple logistic regression analysis.
We used the following variables as confounding factors: age, sex, smoking habit, drinking habit, hypertension, hypercholesterolemia, a low level of high density lipoprotein (HDL) cholesterol, body mass index (BMI), diabetes, prior cardiovascular diseases and use of statin drugs.
Subjects were considered hypertensive if their home systolic BP (SBP) was at least 135 mmHg and/or home diastolic BP (DBP) was at least 85 mmHg, or if they were using antihypertensive agents (32, 33) . Subjects were considered diabetic if their non-fasting blood glucose level was at least 200 mg/dl, or if they currently used antidiabetic medication. Subjects were considered hypercholesterolemic if their level of total cholesterol was at least 220 mg/dl, or they currently used non-statin lipid-lowering agents. Low HDL cholesterol was defined as a level of HDL cholesterol below 40 mg/dl. The information on smoking status, drinking status and history of prior cardiovascular diseases was obtained using questionnaire surveys. Current drinkers were also asked about drinking frequency, beverage types usually consumed, and amount consumed on a single occasion. From these responses we calculated the average daily alcohol consumption in grams. Since statins have been reported to lower CRP levels (34, 35) , we treated them as independent confounding factors. When we analyzed the relationship between low ABI and CRP as a continuous variable, we used the logtransformed value (CRP value 1), because the CRP distribution was skewed to the right among Japanese (36); we added 1 before transformation because the log-transformation expands the scale for values below 1. Since the CRP level has been reported to be related to risk clustering (37), we analyzed the relationship between low ABI and a combi-nation of cardiovascular disease risk factors and CRP level. In this analysis, we treated hypertension, diabetes, current smoking or low HDL cholesterol as cardiovascular disease risk factors.
The drug information was confirmed by an experienced pharmacist. The level of statistical significance was set at p<0.05. All statistical analyses were performed with SAS software, version 8.2 (SAS Institute, Cary, USA). Table 1 shows the association between low ABI and cardiovascular disease risk factors. The mean age was significantly higher in subjects with low ABI than those without low ABI. The proportions of never smokers and females were lower in low ABI subjects. Similarly, the proportions of subjects with hypertension, diabetes, and low HDL cholesterol, and the proportions of statin users or subjects with a history of prior cardiovascular diseases, were higher in low ABI subjects. The proportions of subjects with hypercholesterolemia did not differ between subjects who had a low ABI and subjects who did not. Neither alcohol consumption nor BMI differed between subjects with or without a low ABI.
Results
Association between ABI and Atherosclerosis Risk Factors
Association between CRP and Other Cardiovascular Disease Risk Factors
The median (interquartile range) of CRP was 0.61 (0.17-1.37) mg/l. Table 2 shows the association between CRP value and cardiovascular disease risk factors. The proportion of never smokers was lower in subjects with high CRP, and the proportions of ex-smokers or subjects with hypertension, hypercholesterolemia, diabetes or prior cardiovascular diseases were higher in subjects with the highest CRP level. The proportions of each gender, subjects with low HDL cholesterol or statin users did not differ among the CRP groups. Mean age or alcohol consumption also did not differ among the CRP groups. BMI was lower in the subjects of the lowest CRP group. Table 3 shows the results of the multiple logistic regression analysis. Compared with the lowest CRP group, the moder- ANOVA, χ 2 -test. Hypertension: home systolic blood pressure (BP) was at least 135 mmHg and/or home diastolic BP was at least 85 mmHg, or they were using antihypertensive agents. Diabetes: non-fasting blood glucose level was at least 200 mg/dl, or if they currently used antidiabetic medication. Hypercholesterolemia: level of total cholesterol was at least 220 mg/dl, or they currently used non-statin lipid-lowering agents. Low HDL cholesterol: level of high density lipoprotein cholesterol below 40 mg/dl. ate CRP group and the highest CRP group had a two-fold higher OR. The p-value for the trend across CRP groups was statistically significant ( p 0.03). Furthermore, when we repeated the regression by treating the log-transformed CRP value as a continuous variable, a positive trend between logtransformed CRP and low ABI was also observed ( p<0.01).
OR of Low ABI Was Associated with CRP and Cardiovascular Disease Risk Factors
The following relationships between other cardiovascular disease risk factors and low ABI were found (Table 3) . Current smoking, low HDL cholesterol, and history of hypertension, diabetes and statin use were related significantly to low ABI. Lower BMI as a continuous variable was significantly related to low ABI. A history of cardiovascular diseases tended to be related to lower ABI, although the relationship was only marginally significant. Age, sex, alcohol consumption and history of hypercholesterolemia were not significantly related to low ABI.
When we excluded the subjects who were statin users, a significant positive relationship between log-transformed CRP and low ABI remained ( p<0.01). Table 4 shows that the OR of low ABI was associated with the combination of a number of cardiovascular disease risk factors and CRP. In this analysis, according to the results of Table 3 , we treated hypertension, diabetes, current smoking and low HDL cholesterol as dichotomous cardiovascular disease risk factors. We also treated the subjects with a CRP level higher than 1.0 mg/l as high-CRP subjects, because both CRP groups above 1.0 mg/l showed a similar association with low ABI.
Association of OR of Low ABI with a Combination of Cardiovascular Disease Risk Factors and CRP
Irrespective of the number of cardiovascular disease risk factors, a higher CRP level was related to a higher risk of low ABI ( p for interaction 0.70). Even among the subjects without high CRP levels, the clustering of cardiovascular disease risk factors was related to low ABI. In a multiple logistic regression that included as covariates sex, age, BMI, statin use, and history of cardiovascular disease, the OR for low ABI, compared to 0-1 risk factors, was 5 
Discussion
In this study, we have demonstrated that, in Japan, CRP is related to low ABI independently of other cardiovascular disease atherosclerosis risk factors, and also reconfirmed the impact of the clustering of traditional cardiovascular disease risk factors on low ABI among the Japanese population.
CRP is a circulating acute-phase reactant that is increased many-fold during the inflammatory response to tissue injury or infection. CRP is synthesized primarily in the liver and its release is stimulated by interleukin 6 and other proinflammatory cytokines. This protein has received substantial attention in recent years as a promising biological predictor of atherosclerotic disease (38) . In Western countries, some prospective studies have investigated the relationship between CRP and cardiovascular diseases, including PAD (1-14, 21, 22) .
However, no studies have investigated the relationship between CRP and PAD in Japan, and only a few studies have investigated the relationship between PAD and classical factors in a large sample (23, 24) .
Shinozaki et al. reported the relationship between low ABI (ABI<1.0) and cardiovascular disease risk factors among 446 male workers (23) . Multiple logistic regression analyses for low ABI showed that low BMI, high SBP, and current smoking were related positively to low ABI and current drinking was related negatively to low ABI.
Cui et al. reported the relationship between low ABI (ABI<0.9) and cardiovascular disease risk factors among 1,219 elderly men (24) . They found that low BMI, hyperten- sion, low HDL cholesterol, history of stroke, major electrocardiogram abnormality, and current smoking were significantly related to low ABI. Our results were mostly consistent with these reports, but in our study, unlike those of Shinozaki et al. (23) and Cui et al. (24) , diabetes was related independently and significantly to low ABI. Because statins affect the CRP level (34, 35) , we treated statin use as an independent variable. In this study we also found that statin use was related to low ABI. These relationships might have been observed because the statins were used specifically to treat PAD or because the statin users were those with the highest pre-treatment serum cholesterol.
These risk factors, i.e., low BMI, hypertension, low HDL cholesterol, and current smoking, have also been associated with low ABI among Western subjects (39) (40) (41) . Therefore, in this study, we confirmed that similar correlations of low ABI and cardiovascular disease risk factors exist among Japanese subjects and subjects in Western countries.
The CRP level was related to low ABI independently of these cardiovascular disease risk factors, and the relationship also remained when we excluded the statin users.
Since Albert et al. reported that CRP level is related positively to risk clustering (37), we attempted to investigate the relationship between ABI associated with a combination of number of cardiovascular disease risk factors and CRP. The results also showed that CRP was related independently to low ABI independent of the number of traditional cardiovascular diseases. Furthermore, the results confirmed the importance of clustering traditional cardiovascular disease risk factors; even those subjects who had multiple risk factors without high CRP levels had a higher OR. Measuring CRP together with traditional cardiovascular disease risk factors may improve our ability to identify individuals with low ABI in the Japanese population.
Our study had some limitations. First, most of the participants were sufficiently active and healthy to participate in the survey; therefore, we have likely underestimated the prevalence of low ABI. Secondly, since this was a cross-sectional study, we cannot conclude that CRP causes PAD or that atherosclerosis leads to higher CRP. Therefore, a prospective study should be undertaken to confirm the relationship between CRP and low ABI in the Japanese population.
In conclusion, we have demonstrated that CRP is related to low ABI. This is the first study to clarify the relationship between CRP and low ABI among Japanese elderly. 
<0.01
ABI, ankle brachial systolic blood pressure (BP) index; CRP, C reactive protein; CI, confidence interval. Risk factors: hypertension: home systolic BP was at least 135 mmHg and/or home diastolic BP was at least 85 mmHg, or they were using antihypertensive agents; diabetes: non-fasting blood glucose level was at least 200 mg/dl, or if they currently used antidiabetic medication; current smoking; low high density lipoprotein (HDL) cholesterol: level of HDL cholesterol below 40 mg/dl; adjusted for sex, age, body mass index, statin using and history of cardiovascular diseases.
